Antitumor effects of doxorubicin followed by zoledronic acid in a mouse model of breast cancer.
The potent antiresorptive drug zoledronic acid (Zol) enhances the antitumor effects of chemotherapy agents in vitro. We investigated the effects of clinically achievable doses of doxorubicin (Dox) and Zol, given alone, in sequence, and in combination, on the growth of established breast tumors in vivo. Female MF1 nude mice were inoculated subcutaneously with 5 x 10(5) human breast cancer MDA-MB-436 cells that stably expressed green fluorescent protein (ie, MDA-G8 cells). Beginning on day 7 after tumor cell injection, the mice were injected weekly for 6 weeks with saline, Dox (2 mg/kg body weight via intravenous injection), Zol (100 microg/kg body weight via intraperitoneal injection), Dox plus Zol, Zol followed 24 hours later by Dox, or Dox followed 24 hours later by Zol (n = 8-9 mice per group). The effects of treatment on tumor growth were determined by measuring tumor volume; on tumor cell apoptosis and proliferation by immunohistochemistry using antibodies for caspase-3 and Ki-67, respectively; and on bone by microcomputed tomography and bone histomorphometry. All P values are two-sided. Treatment with Dox or Zol alone or Zol followed 24 hours later by Dox did not statistically significantly decrease final tumor volume compared with saline. Mice treated with Dox plus Zol had statistically significantly smaller final tumor volumes than those treated with Dox alone (mean = 122 mm(3) vs 328 mm(3), difference = 206 mm(3), 95% confidence interval [CI] = 78 to 335 mm(3), P < .001), with Zol alone (122 mm(3) vs 447 mm(3), difference = 325 mm(3), 95% CI = 197 to 454 mm(3), P < .001), or with Zol followed 24 hours later by Dox (122 mm(3) vs 418 mm(3), difference = 296 mm(3), 95% CI = 168 to 426 mm(3), P < .001). Treatment with Dox followed 24 hours later by Zol almost completely abolished tumor growth. Tumors from mice that were treated with Dox followed by Zol had more caspase-3-positive cells than tumors from mice treated with saline (mean number of caspase-3-positive cells per square millimeter: 605.0 vs 82.19, difference = 522.8, 95% CI = 488.2 to 557.4, P < .001), with Zol alone (605.0 vs 98.44, difference = 506.6, 95% CI = 472.0 to 541.2, P < .001), or with Zol followed by Dox (605.0 vs 103.1, difference = 501.9, 95% CI = 467.3 to 536.5, P < .001). The treatment-induced increase in the number of caspase-3-positive cells was mirrored by a decrease in the number of tumor cells positive for the proliferation marker Ki-67. No evidence of bone disease was detected in any of the treatment groups following microcomputed tomography and histological analysis of bone. Sequential treatment with Dox followed by Zol elicited substantial antitumor effects in subcutaneous breast tumors in vivo, in the absence of bone disease.